We have studied electron pair photoproduction in the field of the nucleus and in the field of the atomic electrons of neon. A streamer chamber which in many ways behaves as a bubble chamber has been used for this experiment.
I. INTRODUCTION
Electron pair and triplet production in the field of a charged particle are processes entirely described by quantum electrodynamics; however, many approximations are necessary for a satisfactory solution of these problems. The
Bethe-Heitler' formula, using the Fermi-Thomas model for screening, describes well the total pair production cross section; one has to subtract only the coulomb correction2 from the Born approximations which, in the case of neon, is of order 1.3%. In the triplet case the recoiling electron changes the kinematics and gives rise to a retardation effect; in addition, the presence of two identical electrons gives rise to exchange effects. Finally one has to consider the Y-e interaction between the photon and the electron in whose field the pair has been created. It has been shown that the y-e interaction and exchange effects are small at high energy and have an opposite effect on the total cross section, thus partially canceling; neglecting them therefore leads to a small error in the total cross section. However, these effects can be important in the high momentum transfer region, as is found in this experiment. The retardation effect has been taken into account by Borsellin$ who neglected screening, while Wheeler and Lamb5 calculated the triplet cross section with screeningtaken properly into account but with the retardation effect neglected. It has been suggeste cf that the best approximationfor the triplet cross sectionis givenby thefollowingexpression:
Ot =%heeler-Lamb -
The momentum distribution of the recoil electron has been extracted by Suh and Bethe from Borsel line's calculation. Also the ratio of triplet cross section to pair cross section goes as l/Z; this ratio is roughly 0.1 for neon and 1 for hydrogen. Therefore, one has to take many more pictures with neon than with hydrogen to observe the same number of triplets. Although the production process does not depend strongly on the Z of the material, the screening of the atomic electrons and the binding forces may change the behavior of the process. A streamer chamber is a suitable instrument for such a study, the target being the neon which fills the chamber. The gas is a mixture of neon (900/0) and helium (10%); about 0.5% of events originate from helium.
Momenta are measured using the curvature and dip angle in a weak magnetic field (2 Kg), but between 0.2 MeV/c and 0.4 MeV/c we have used in many cases the range energy method.
Photons from the bremsstrahlung spectrum were tagged in order to reduce the data taking to the photon energy band 600 -800
MeV; the tagging was also helpful in reducing substantially the number of pictures due to background.
II. APPARATUS Figure 1 shows the general arrangement of this experiment. The electron beam, after passing through the radiator, was deflected by a magnet towards some shielding blocks. The electrons that emitted radiation in the energy range 600 -800 MeV were deflected towards a group of 3 tagging counters with a common backing counter in coincidence.
Beam intensity and radiator thickness were chosen such that each front counter counted about one electron per pulse (1 /-Ls, 60 cps). These tagging counters were used as a monitor for the photon beam. A Two perpendicular sets of wires stretched on an aluminum frame constitute a transparent high voltage plate, allowing photography from above the chamber.
The wires are isolated from the neon gas by a 0.6-cm lucite plate, assuring at the same time a gas seal. The ground plate is made from 0.6 cm thick aluminum. Both plates have rounded corners to decrease corona effects and extend 2.5 cm outside the chamber in order to make the electric field uniform and avoid breakdowns in the chamber. A slow flow of Ne-He mixture gas is maintained continuously through small holes in the walls.
B. Driving System
To be operating in the streamer mode, the chamber needs a very short pulse, 8 to 10 ns wide and of 15 to 20 kV/cm. A classical Marx generator (10 stages) with a power supply (f 30 kV) delivers ZSO-kV pulses with a tail of about 100 ns. When directly applied on the chamber, such a pulse. produces a discharge between the plates along the track of an ionizing particle.
To shape the pulse, we use only a shorting gap operating under 40 pounds pressure of SF6, following the Marx. Although the chamber is not long enough to behave as a transmission line, it was foundthat the best pulse is obtained when the chamber is terminated by 250 ohms. This arrangement, shown in Fig. 2 , is far from being sophisticated; nevertheless such a system is able to drive small size chambers such as the one used in this experiment.
In Fig. 3 we show a typical pulse applied to the chamber. For chambers of medium size, a capacity and a series gap may be inserted between the chamber and the Marx generator; for very large chambers, a Blumlein seems the best solution.
C. Operation of the Chamber
By shorting the pulse to about 10 ns, one can stop the development of the avalanches initiated after the passage of an ionizing particle so that, instead of a spark connecting the plates, one has a series of streamers directed alongthe electric field.
About three streamers per cm are produced on the average in the gas and their length A system, similar in design but physically much larger, will be used for photoproduction studies. 15 We have attempted to use electrons in a similar manner in order to do electroproduction studies.
We found that the number of electrons which can be injected in the hydrogen cylinder without producing a large background in chamber is limited to about 3000 per pulse. This background is mainly low energy electrons which spiral above and below the cylinder when a magnetic field is applied. IV. RESULTS
A. Recoil Momentum Distribution
The typical recoil momentum, in electron pair production, is of order of the electron mass. When the recoil particle is an electron, the kinetic energy is large enough to enable us to observe it in the streamer chamber. For momenta greater than 0.4 MeV/c, all events are measured using the curvature of the recoil electron and its dip angle. For momenta smaller than 0.4 MeV/c, we could use the same method for some events, while for others the range energy relation was used. The differential recoil momentum distribution is shown in Fig. 6 . 
B. Evaluation of the Triplet Cross Section
A direct measurement of the total triplet cross section is not possible because the minimum recoil momentum is much lower than our limit of momentum measurement . One can expect, however, a good estimation of the triplet cross section at( qo) for recoil momentum greater than some value go. One has to measure first the total number N of pairs produced in the chamber, whether or not we observe a recoil electron. N is then proportional to op + at, the sum of the total cross sections for pair and triplet production. Then we measure the number N(qo) of triplets which have a recoil momentum greater than q,; N(qo) is proportional to a,(y,). This gives:
Almost all systematic errors cancel in the experimental ratio N(qo)/N. Table 1 compares at(qo) obtained from Suh and Bethe calculations and deduced from this -8-experiment.
We have used E,, --700 MeV in the calculations, which has been taken as the mean value for the photon energy-band 600 -800 MeV. Note that ot(qO) depends only slightly on the photon energy when this energy is greater than 100 MeV. The errors assigned are partly statistical and partly due to possible errors in the determination of q,. The last column of Table I shows that we observe 23.5% This order of correction is consistent with the discrepancy observed in the measurement of the cross section for high momentum transfer; in fact, the 7-e interaction is smaller than the exchange effects by a factor Bn(k) or 6.7, as discussed in Ref. 3 . Therefore, one can assume that exchange effects are responsible for the main discrepancy.
C. Angular Distribution of the Recoil Electrons
The angular distribution d@/d 8, where 8 is the angle between the recoil electron and the direction of the incident photon, is given in Fig. 7a . The overall data presents a large peak which extends from 0 to 90' , with a maximum around 55'.
In fact, the angular distribution is strongly correlated with the momentum distribution; large angles correspond to low momentum transfer, and small angles to high momentum transfer.
In the same figure, we give the distribution of the events for which the momentum is greater than 1 MeV/c and also for the case where the 
D. Energy Sharing Distribution
The energy of both electrons of the pair was measured. The fraction of the pair energy, carried away by the positron, is expressed by f = E+/(E+ + E-).
The f distribution is presented in Fig. 8 . Because the magnetic field was low, we used only a small part of the data, i.e., the pairs which occurred in the first two inches of the chamber; for these events, the electron's trajectory length is about 32 cm, which gives an accuracy in the momentum measurement of order 5%.
Only about 100 triplets were found in this region, which was not enough to study their energy distribution; therefore, we used only the pairs produced in the nuclear field.
The solid curve is that of Bethe and Heitler, calculated for E ,, = 700 MeV and Z = 10. The experimental distribution presents the general behavior predicted by the theory, with a symmetry around f = 0.5. However, the dip and the maxima seem more accentuated. An uneven energy sharing seems to be preferred.
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E . Conclusions
The first conclusion to be drawn from this experiment concerns the streamer track chamber. It has been shown that it possesses many qualities useful for high energy experiments. Because it can be triggered and because it shows isotropy similar to a bubble chamber, one hopes that this new tool will be widely and successfully used in the future. It enabled us to study triplet photoproduction in a very satisfactory way in a material heavier than hydrogen.
The measured triplet cross section was found to be consistent with calculations for the electron recoil momentum q, near 1 MeV/c but might indicate a slight divergence when q, increases, as is most clearly visible in the momentum distribution.
The discrepancy observed is of the proper sign to be attributed to exchange effects which arise mostly at high momentum transfer.
Further investigations of the high momentum region seem necessary to provide a better understanding of the recoil momentum and angular distributions in pair production in the field of the electron.
1. Experimental setup.
2. Streamer chamber driving system.
3. General shape of the electric pulse.
4. Typical triplet event; the side view, showing the streamers in the electric field direction, is represented in the right side of the picture; notice that for large dip angle the streamers join together to form a continuous track. This is clearly visible for the recoil electron.
5. Positrons passing through a streamer chamber set up in a magnetic field.
One Compton electron may also be seen. 7c. Angular distribution of the recoil electron; the abscissa is cos Q/sin' 8 .
The first 3 points are not expected to be correct (see text). 
